The androgen receptor (AR) gene, located on the X-chromosome at Xq11-12, contains in exon 1 a polymorphic CAG repeat which codes for a polyglutamine tract. Contractions of the CAG repeat are said to be related to prostate cancer. In contrast, sizeable expansion of the CAG repeat can cause spinal and bulbar muscular atrophy (SBMA). In infertile patients of Chinese origin and in a Melbourne multinational population impaired sperm production has been postulated to be related to moderate expansions of the polyglutamine tract. In a study of a Swedish population of infertile patients these findings could not be corroborated. The aim of our investigation was to examine the correlation between the length of the CAG repeat and impaired sperm production in an infertile Caucasoid patient sample of German ethnic origin. We found no statistically significant relationship between the size of the CAG repeat or polyglutamine tract and idiopathic impaired sperm production in the population studied. The variability of the results by various investigators may be attributed to different ethnic origins and hence different genetic modifiers of the populations studied and/or to the high probability that these infertile males may represent a heterogeneous group with respect to the causes of defective spermatogenesis.
Introduction
defective spermatogenesis. The range of phenotypes of individuals with defects in AR function varies from 46,XY sexAccording to the World Health Organization (WHO) tabulation reversed infertile females with complete androgen insensitivity of available data on the prevalence of primary and secondary to the phenotypically normal 46,XY infertile males with infertility, Ͼ70% of the causes of male infertility are not mild androgen insensitivity and severe oligozoospermia or known. The most important single test in the evaluation of azoospermia (Quigley et al., 1995; Quigley, 1998 ; Wieacker male infertility is the semen analysis. Recently much attention et al., 1998) . has been given to genetic causes of male infertility with
The AR gene is located on the long arm of the X chromosome defective spermatogenesis (e.g. Ma et al., 1993; Chandley and at Xq11-12 (Wieacker et al., 1987; Brown, et al., 1989; Cooke, 1994; Vogt et al., 1996; Meschede and Horst, 1997; Mahtani et al., 1991) . Its protein coding regions comprise Tut et al., 1997; Yong et al., 1998; Wang et al., 1998 ; Dowsing eight exons (Lubahn et al., 1988; Tilley et al., 1989; Marcelli et al., 1999 Marcelli et al., ). et al., 1991 which code for various functional domains: exon Androgens initiate and maintain the formation of spermato-1 encodes the transactivation domain in the aminoterminal zoa (Weinbauer and Nieschlag, 1998) . They exert this effect part of the protein (Lubahn et al., 1989; Jenster et al., 1995) , through the androgen receptor (AR) encoded by the androgen exons 2 and 3 encode the DNA binding domain, exon 4 receptor gene (AR) .
encodes the hinge domain and exons 5-8 encode the ligand The AR is a member of the steroid receptor superfamily binding domain (Lubahn et al., 1989; Quigley, 1998) . A (Tsai and O'Malley, 1994) . After binding of androgen to the polymorphic trinucleotide repeat (CAG)n followed by a tercytosolic AR, the receptor is activated. This activated androminal CAA triplet located in exon 1 code for the polyglutamine gen-AR complex translocates to the nucleus and binds to tract in the aminoterminal region of the AR. androgen-responsive elements leading to regulation of tranPatients suffering from spinal and bulbar muscular atrophy scription processes of downstream androgen-dependent genes (SBMA or Kennedy disease) have generally normal androgen (Evans, 1988; Green and Chambon, 1988; Beato, 1989) .
levels. In addition to the neurological features typical of this Since most infertile males have normal serum androgen disease, some of them present with signs of infertility associated levels, defects in the chain of the androgen response system and essentially of the AR could hypothetically result in with impaired sperm production (Quigley, 1998 residues and a luciferase reporter gene there was an inverse
To increase the specificity of the reaction and for later sequencing relationship between the transregulatory activity and the numa second nested PCR was performed with similar reagents using 1 ber of glutamine residues (Tut et al., 1997) . concluded that the mean CAG repeat size increased with CAGGAAACAGCTATGACC GTGAAGGTTGCTGTTCCTCATseverity of spermatogenic defect (Dowsing et al., 1999) .
CCA; for AR sequence refer to Lubahn et al., 1989) and 2 µl of the However, other investigators using an infertile population of reaction product from the first round PCR as template. Thirty cycles Swedish ethnic origin could not confirm a relationship between of nested PCR were performed. The denaturation temperature was the size of the polyglutamine tract and impaired sperm produc-94°C for 1 min, the annealing temperature 64°C for 20 s and the tion (Giwercman et al., 1998) .
extension temperature 65°C for 20 s.
In our present work we investigated the hypothesis of a 
Materials and methods
M13 forward primer and 2 pmol of labelled M13 reverse primer were Patients and control selection used. Amplification was performed in 30 cycles with a denaturation temperature of 94°C for 1 min, an annealing temperature of 58°C for The project was approved by the Medical Ethics Committee of the 1 min and an extension temperature of 72°C for 30 s. University of Düsseldorf, Germany.
For all PCR the TrioBlock cycler from Biometra was used. The A total of 119 patients of German ethnic origin were recruited reactions were terminated with formamide loading dye Fuchsin red from Centres for Reproductive Medicine in Bedburg and Deggendorf, (Amersham Life Science, Amersham Pharmacia Biotech, Freiburg, Germany and the Department of Reproductive Medicine, University Germany) 1:1, denatured at 95°C for 3 min and put on ice before of Magdeburg, Germany. All of these patients had non-obstructive electrophoresis. 1,5 µl of the denatured reaction products were impairment of spermatogenesis. Control subjects were 22 males of separated on a 6% Rapid Sequencing/6 mol/l urea gel (Rapid Gel German ethnic origin and of proven fertility, who have fathered at Concentrate, Amersham Life Science) with 1ϫTBE at 40 W, 50°C least one child by natural conception. Semen parameters were in a Licor automatic DNA Sequencing apparatus (DNA Sequencer evaluated according to published recommendations (World Health Long Read IR 4200., Licor/MWG, Ebersberg, Germany) for~4 h. Organization, 1996) . Semen analysis of the patients was performed
The size of the most prominent upper band was determined by twice at 3 month intervals and the mean result recorded. The 119 comparing the size of this band with the size of sequenced PCR patients were divided into subgroups according to the severity of the products containing CAG repeats of known length. For details of the defects in spermatogenesis: 18 had no spermatozoa in ejaculate sequencing procedure see below. (azoospermia), 59 had a sperm concentration of Ͻ1ϫ10 6 /ml ejaculate (severe oligozoospermia), 29 had a sperm concentration of 1-Cycle sequencing of the CAG repeats 5ϫ10 6 /ml ejaculate (moderate oligozoospermia) and 13 had a sperm concentration of 6-20ϫ10 6 /ml ejaculate (mild oligozoospermia). The
For sequencing the reference samples no. 15 with 25 CAG, no. 16 with 25 CAG (father of no. 15), no. 17 with 19 CAG as well as one mean age of the infertile patients was 33.3 years (SD 6.6, . The mean age of the fertile control subjects was 38.8 years (SD of the shortest (patient no. 28 with 16 CAG) and one of the longest (patient no. 35 with 30 CAG) the first round PCR was performed as 11, range 27-65).
Relevant serum hormone values [testosterone, prolactin, follicle described above. Sample no. 17 was a black ethnic African and was exclusively used as reference sample to determine the length of the stimulating hormone (FSH) and luteinizing hormone (LH)] were CAG repeats (data not shown). The second round PCR was also performed as described above, except that annealing and extension were done in a single step at 66°C for 40 s. The resulting reactions were purified using the Quick PCR Purification Kit (Qiagen, Hilden, Germany) following the manufacturer's protocol. The cycle sequencing reaction was performed using the Sequi Therm Excell II Long Read DNA Sequencing Kit (Epicentre/Biozym, Hess. Oldendorf, Germany) with a maximum volume of purified PCR product of the second round PCR as recommended in the manufacturer's protocol. Sequencing was performed in two directions using 2 pmol of fluorescent labelled M13 forward primer or fluorescent labelled M13 reverse primer in the PTC 200 cycler from MJResearch. The initial denaturation temperature was 95°C for 2 min. Thirty cycles were performed with a denaturation temperature of 95°C for 15 s, an annealing temperature of 60°C for 15 s and an extension temperature of 70°C for 15 s. The sequencing reactions were terminated with 3 µl formamide loading dye Fuchsin red (Amersham Life Science), denaturated at 95°C for 3 min and put on ice. 1.5 µl of the terminated, denaturated sequencing reaction mixtures were electrophoresed as described above. M13 forward fluorescent labelled reaction mixures were analysed on 6% Rapid Sequencing/6 mol/l urea gels containing 17.8% deionized formamide (to improve the resolution of the CAG repeat) at 40 W, 50°C for~4 h with 1ϫTBE. The size of the corresponding polyglutamine tract was deduced from the sequence. The size of the CAG repeat was calculated with an accuracy of Ϯ1.
Statistical analysis
The statistical analysis of our results was performed with the Kruskal- Figure 1 . were measured in most of the patients. Almost all hormone slot 21-25: the same samples as in slot 1-5. FR ϭ fertile reference levels measured were in the normal range (data not shown).
sample; FC ϭ fertile controls; IP ϭ infertile patients; IR ϭ infertile reference samples (patients); F ϭ female.
Molecular genetic analysis
Patients with visible cytogenetic aberrations were excluded from the study. All patients were 46,XY males (data not shown). respectively (Table I ). Nine of the infertile patients with impaired sperm production showed an expansion of the CAG In the subsequent molecular genetic investigation the DNA fragment encoding the polyglutamine tract of the AR was repeat (27, 28, 29, 30, 34 repeats) and thus of the deduced polyglutamine tract (28, 29, 30, 31, 35 glutamine residues; amplified from DNA of peripheral lymphocytes in three subsequent PCR reactions using the initial primer pair ARL, Table I ). ARR. The size of the uppermost strongest band was determined Statistical analysis by comparison with sequenced reference samples of known size (Figure 1 ). PCR products of patient no. 28 with one of
The CAG repeats of the AR gene in the infertile males presenting with impaired sperm production showed a mean of the shortest repeats (16 CAG) and of patient no. 35 with one of the longest repeats (30 CAG) and of two fertile reference 22.0 and a SD of 3.2 with a range of 16-34. The mean for the corresponding glutamine residues was 23.0 with a SD of samples (sample nos. 16 and 17) as well as of a female sample (sample no. 15) were sequenced in order to determine the 3.2 and a range of 17-35. In the fertile controls the mean of the CAG repeat length was 20.8 with a SD of 3.3 and a range length of the CAG repeat in these persons (data not shown). We were able to identify 17 different alleles in the infertile of 15-26. The mean of the corresponding glutamine residues was 21.8 with a SD of 3.3 and a range of 16-27 (Table II) . group with a range of 16-34 CAG repeats corresponding to 17-35 glutamine residues. In the same infertile patient group
The box plot analysis in Figure 2 of fertile and infertile subjects shows that the differences of the length of the CAG the most common allele consisted of 21 CAG repeats (17.6%; 22 glutamine residues respectively, see Table I ). The most repeats and, by inference, of the glutamine residues in the infertile group compared to those of the fertile controls, do common alleles in the fertile control group consisted of 23 CAG repeats (22.7%) corresponding to 24 glutamine residues not differ much (Table II) . However, the whiskers in the box The variable number of glutamine (Gln) residues comprises those encoded by the triplet CAG and one encoded by the terminal triplet CAA following the CAG repeat. plot point to a tendency of longer CAG repeats, and, by 0.4396). Thus the severity of the impairment of spermatogenesis does not correlate with the enlargement of the size of inference, longer glutamine tracts in the infertile group compared to fertile controls (Figure 2 ). The box plot (Figure 2 ) the CAG repeats (Table II and Figure 3) . Analysis of the distribution of the CAG repeats in fertile shows a stronger upward variation trend in the infertile group. The medians of the two groups are almost equal and the means controls and infertile patients (Figure 4) shows that the bulk of the CAG repeats in both groups falls in a nearly similar differ only slightly.
To test the results of the box plot analysis on a theoretical range. The shapes of the distribution pattern, however, show some differences: the control data are a little more peaked and basis, Kruskal-Wallis test was performed with a not significance level of α ϭ 0.05. The null hypothesis was: that there is somewhat skewed, whereas the infertile data show a semblance of symmetry. no difference in the size of the CAG repeats between the groups of infertile and fertile subjects. According to the not significant result (P ϭ 0.3051) the null hypothesis cannot be Discussion rejected; thus the statistical analysis of our test sample of n ϭ 141 does not confirm that the size of the CAG repeats of our Aiman and coworkers postulated that defects in the AR gene can lead to partial or complete spermatogenic failure (Aiman fertile and infertile subjects of German ethnic origin differ significantly. et al., 1979; Aiman and Griffin, 1982) . To date, deletions of the AR gene in exon 4 (Akin et al., Furthermore the box plot analysis of the four subsets of infertile males (azoospermic, severely oligozoospermic, 1991), point mutations in exon 6 (Tsukada et al., 1994) and in exon 8 (Yong et al., 1996) , a missense mutation in exon 8 moderately oligozoospermic and mildly oligozoospermic) and the fertile control group shows that the size of the CAG repeats (Knoke et al., 1999) as well as missense mutations in exon 5 (Yong et al., 1994) have been reported with accompanying and thus of the corresponding glutamine tracts do not differ to any significant degree (Figure 3 ; Kruskal-Wallis test P ϭ defects in spermatogenesis of affected patients. However, investigations of exon 1 of the AR gene with respect to Our group investigated the hypothetical association between impaired spermatogenesis of infertile males have yielded the expansion of the CAG repeat of the AR gene in relation variable results: analysis of PCR products in agarose gels to various degrees of impaired sperm production in infertile disclosed no gross mutations in the first analysis of exon 1 of males of German ethnic origin. In contrast to the findings of the AR gene as a cause of impaired spermatogenesis, probably some (Tut et al., 1997; Yong et al., 1998; Dowsing et al., due to the relative insensitivity of the method used (Puschek 1999) but in accordance with those of others (Giwercman et al., 1994) .
et al., 1998) we found no statistically significant differences However, in a recent study of exon 1 of the AR gene in between the size of the CAG repeat as well as the deduced infertile males of predominantly Chinese ethnic origin it was polyglutamine tract of infertile patients presenting with found that expansion of the trinucleotide (CAG) repeat and impaired sperm production and the fertile controls (P ϭ thus of the polyglutamine tract could be associated with 0.3051). Our results do not provide any proof of a relationship increased risk of impaired spermatogenesis (Tut et al., 1997) .
between the length of the CAG repeat (polyglutamine tract) This finding was then corroborated by Yong and colleagues in and impairment of sperm production in infertile men of German their work on the role of the AR gene in the control of ethnic origin. spermatogenesis in a genetic screening of the transactivation Also within the subgroups of infertile males presenting with domain of exon 1. In Chinese patients presenting solely with varying degrees of impaired sperm production (azoospermia, defective spermatogenesis and infertility they found that up to severe oligozoospermia, moderate oligozoospermia and mild 20% of the infertile males had reduced androgenicity caused oligozoospermia) we found no statistically significant associby an increased expansion of the polymorphic CAG repeat ation between the size of their respective CAG repeats or and thus of the polyglutamine tract (Yong et al., 1998) . Another polyglutamine tracts and the severity of impaired sperm report corroborates the presumption that infertile males have production (P ϭ 0.4396). The range of the size of the CAG significantly longer CAG repeat tracts than fertile males repeats in the infertile group was 16-34 and in the fertile (Dowsing et al., 1999) . In Swedish males no association could control group 15-26; the difference was not statistically be established between the length of the CAG repeats in exon significant. 1 of the AR gene and impaired sperm production (Giwercman It has been found that an enlargement of the polyglutamine et al., 1998). It has been suggested recently that reduction of tract ജ28 glutamine residues in infertile males is associated the CAG repeat ഛ16 repeats is closely related to impaired with a 4-fold increased risk of infertility (Tut et al., 1997) . If sperm production in an infertile Japanese population (Komori et al., 1999) .
these findings were generally applicable, then by extrapolation the more severe the spermatogenic defect the longer the (Irvine et al., 1994) . Thus one possible explanation of the corroboration of our results with those of Giwercman and polyglutamine tract should be. Our findings of 28 and 29 CAG repeats (29 and 30 glutamine residues) in two patients with colleagues might be the ethnic similarities of the European patients studied; the difference of our results and Giwercmans severe oligozoospermia and of two patients with 27 and one patient each with 28, 29, 30 and 34 CAG repeats all with from those of Tut, Yong, Dowsing and colleagues could be due to the Chinese ethnic and mixed Australian multinational moderate oligozoospermia (28, 29, 30, 31 and 35 glutamine residues, respectively) and of a patient with 28 CAG repeats and origins of patients studied by them. The variable results according to ethnicity and hence differing genetic modifiers mild oligozoospermia do not lend support to a generalization of the hypothesis of Tut and coworkers. We found no expansion are also supported by a study on Japanese subjects (Komori et al., 1999) . More population studies are needed to determine of the CAG repeat ജ28 in the azoospermic subgroup. In all other infertile patients the polyglutamine tract was in the the average length of the polyglutamine tract in a large number of controls in different ethnic groups in order to clarify normal range of 9-36 (Andrew et al., 1997) .
The maximum deduced polyglutamine tract size in our study these issues. Until there is evidence of a spermatogenesis gene directly and one other (Dowsing et al., 1999) consisted of 35 glutamine residues; in other studies the maximum length found consisted expressed under the control of the androgen receptor, modulation of the activity of this receptor as a cause of severe male of 31 glutamine residues (Tut et al., 1997; Yong et al., 1998) . The alleles of the 33-39 repeat size may be so rare because infertility in males should be viewed cautiously (Vogt, 1999) . Deletions in the long arm of the Y chromosome in the AZF of very low expansion frequency and high contraction frequency in the range of 28-31 repeats (Zhang et al., 1994) . a, b, c regions are known to cause impairment of sperm production in infertile males. They occur frequently as de In our study the majority of infertile men (71%) fall in the category of ഛ22-23 glutamine residues (ഛ21-22 CAG novo mutations in men with idiopathic azoospermia or severe oligozoospermia (e.g. Ma et al., 1993; Chandley and Cooke, repeats) , which (according to Tut et al., 1997) should rather be associated with reduced risk of infertility. However, such 1994; Reijo et al., 1995; Najmabadi et al., 1996; Vogt et al., 1996; Simoni et al., 1997; Vogt, 1998) . One of the men studied short polyglutamine tracts could also be associated with increased risk of prostate cancer (Irvine et al., 1994) . Although here with idiopathic impaired sperm production had a Ychromosome deletion in the AZFc (DAZ) region (S.Dadze the CAG repeat sizes of more infertile patients (n ϭ 119) and fewer fertile controls (n ϭ 22) were studied, the result of our et al., unpublished data). Furthermore deletions or mutations in recently isolated new genes, involved in control of spermatoKruskal-Wallis test (P ϭ 0.3051) is in agreement with a similar Kruskal-Wallis test in a study of 35 infertile males genesis (e.g. Lahn and Page, 1997; Korpelainen et al., 1998; Peri et al., 1998; Vogt, 1998; ; Yu and 32 controls (P ϭ 0.250) (Dowsing et al., 1999) . Thus the numbers studied were probably adequate for statistical et al., 1998) could be responsible for the impairment of spermatogenesis in our patient group. conclusions, confirming our presumption as reflected by our data, and provide no cause for further attempts to fit the same This highlights the fact that infertile males presenting with idiopathic non-obstructive impairment of sperm production data to other statistical tests.
It is well documented in the literature that the size of the represent a heterogeneous aetiological entity, and hence there is need for more basic research into idiopathic male infertility CAG repeats in the AR gene varies in a race-specific manner without evidence of prostate cancer (Sartor et al., 1999) . The as well as a multilayered diagnostic approach. Our investigations of the AR gene have not included work prevalence of short CAG repeats (ഛ22 repeats) was shown to be high in African Americans (75%) and low in Asians (49%) to detect point mutations. Currently we are using PCR-SSCP
